This survey suggests that about liS 000 amphibia, of which more than half were Rana temporarla, were supplied for use in teaching and research in the UK during 1977. As only 27000 were recorded as being used by universities, polytechnics and research Institutes, probably mostly for teaching, it must be assumed that the majority are used for teaching purposes In schools. There has been an Increase in the proportion of amphibia supplied by Recognised Suppliers, and also in that being 'purpose-bred', although breeding in the laboratory is stm restricted to Xenopus laevis and Ambystoma mexicanum. Probable cost appears to be a deterent to the use of purposebred amphibia. A large number of respondents had encountered problems with using amphibia, mainly losses due to 'red leg' and arrival from the supplier in poor condition, probably interrelated.
Summary
This survey suggests that about liS 000 amphibia, of which more than half were Rana temporarla, were supplied for use in teaching and research in the UK during 1977. As only 27000 were recorded as being used by universities, polytechnics and research Institutes, probably mostly for teaching, it must be assumed that the majority are used for teaching purposes In schools. There has been an Increase in the proportion of amphibia supplied by Recognised Suppliers, and also in that being 'purpose-bred', although breeding in the laboratory is stm restricted to Xenopus laevis and Ambystoma mexicanum. Probable cost appears to be a deterent to the use of purposebred amphibia. A large number of respondents had encountered problems with using amphibia, mainly losses due to 'red leg' and arrival from the supplier in poor condition, probably interrelated.
Apart from the brief data given in the 1956 and 1972 surveys (Lane-Petter, 1956; LAC, 1974) , little information has been available about the numbers, species and sources of amphibia used in research in the United Kingdom, or about the problems associated with their use. These animals are included in the Recognition Scheme for suppliers of laboratory animals administered by the Medical Research Council Laboratory Animals Centre (LAC), so it was decided to carry out a survey to obtain such information.
Methods
In an attempt to reach aU British users of amphibia for research, a first questionnaire and explanatory letter were sent with the December 1977 issue of Parade State, a monthly publication of the LAC which is distributed in the UK. This was specially distributed to users of amphibia known from the 1972 survey; and to users included in Scientific research in British universities and colleges 1974 -1975 (1975 .
Recipients were asked to record how many of each amphibian species they had used during 1977, and whether or not the use had been under Home Office licence. As many experimental procedures do not need the authority of a licence, they were also asked to describe briefly the purpose for which the animals Received16July 1979.Accepted1 October1979.
were used, so that the total number used in research could be determined. In addition respondents were asked to indicate the sources of their amphibia.
The second section of the questionnaire contained a series of questions concerned with, for example, the suitability of alternative species, the use of purposebred amphibia, causes of mortality and supply problems.
A second questionnaire was sent to suppliers of amphibia asking for the numbers of each species they had supplied during 1977. Amphibia were known to be used for teaching in schools and,'although such use is outside the intended scope of the survey, it was thought that it would be helpful to know what proportion of amphibia were supplied to this group of users. Therefore, suppliers were asked to estimate separately the numbers they had supplied to various types of user, including schools.
Response to the survey Number of returns received
A total of 772 questionnaires was sent out and 118 (I5%) returned; of these 46 (39%) were nil returns.
The majority of positive returns were received from universities (41; 57%) and polytechnics (16; 22%), the remaining 15 (21%) coming from a wide range of users including the pharmaceutical industry, hospitals and medical schools, and research institutes. No positive replies were received either from Public Health Laboratories or Veterinary Investigation Centres, and no replies at aU from possible users in Northern Ireland.
The number of positive returns is small in relation to the number of questionnaires, although in the 1972 survey (LAC, 1974) , where a comparable number of questionnaires was sent out, only 66 returns referred to the use of amphibia. From this group, however, only 14 posit!ve and 6 nil returns were received in the present survey.
Numbers. species and sources of amphibia
The total number of adult amphibia recorded was 27 750 consisting of 25 species (Table I) . About half (51 %) of these were specified as Rana temporaria and a further 39% were made up of 'frogs' (almost invariably either R. temporaria or R.pipiens supplied simply as frogs with no further identification), R. pipiens, (67) 4463 (31) 0(0) 2658 (79) 648 (19) 0(0) 1096 (45) 1317 (55) 1700 (58) 814 (28) 363 (12) 1883 (88) 120 (6) 40 (2) 700 (26) 918 (34) 264 (10) 4286 (15) As one of the objectives of the survey was to identify the sources of amphibia and to assess the role of the LAC Recognised Suppliers, Table 1 also shows the sources of each species recorded. There were large differences between species but, for most, other than those predominantly home bred, the greatest proportion was obtained from Recognised Suppliers, who provided 55% of the total. Home-bred amphibia represented 15% and other sources, mainly other laboratories and collection from the wild directly by the user, accounted for 4% of the total.
The results of the questionnaire sent to suppliers are shown in Table 2 . A total of 8 questionnaires was sent out but only 3 replies were received, all from Recognised Suppliers, and in general the proportions of the various species supplied were similar to those recorded in the users' survey. Only 1 supplier was able to record separately the numbers supplied to the various categories of user. However, it was possible to arrive at an estimate of the number of amphibia used in 1956 included those used for 'diagnostic purposes, including pregnancy testing', and it is most likely that the reduction is due to the development of alternative techniques for such purposes. There has been an increase in the number of home-bred amphibia used in comparison with those recorded in the 1972 survey. In the previous survey only 2·3% were declared as having been home bred compared with 15% recorded in the present survey. Only 2 species appear to be bred in significant numbers-58% of Xenopus laevis and 88% of Ambystoma mexicanum. In addition there has been an increase in the proportion of amphibia obtained from Recognised Suppliers since 1972, when 35% were obtained from these sources compared with 55% recorded in this survey.
Uses of amphibia
The use for research, either under licence or not, and for teaching and other purposes, of the 4 most commonly recorded species is shown in Table 3 .
Of all amphibia, 18% were used for research requiring Home Office licence. The proportion used under a licence varied considerably from species to species and differed markedly from the 1972 figures, when the overall figure was 41%. This difference was greatest with Rana spp., of which 40% were used under licence in the 1972 survey compared with only 7% in the present one. However, with Xenopus spp. there was little difference (67% in 1972 and 59% in 1977). The difference may have arisen because the 1972 survey was directed specifically at licence holders, whereas the present one was not. It was not possible to compare the numbers of amphibia reported to have been used under licence with the published Home Office returns as these do not record separately the numbers of experiments performed on amphibia from those on reptiles. Nevertheless, the number of amphibia reported in this survey as having been used in this way, 5116, accords well with the Home Office total, 7155, for amphibia and reptiles for the same period (Home Office, 1978) .
The proportion used for teaching again varied considerably with species. As might be expected, a very large proportion of R. temporaria were used in this way (86%) compared with only 2% of A. mexicanum and 64% overall.
The respondents were asked to describe briefly the purpose for which the amphibia were used, primarily to ensure that those animals used in procedures not needing a Home Office licence were nevertheless included in the total of those used in research. The replies to this were often vague, but at least 37 different areas of research were mentioned and most amphibia seemed to have been used to study functions of the nervous system, nerves and muscles, DNA and RNA transcription, embryology and developmental biology.
A Medlars search of literature relating to amphibia published between December 1975 and November 1976 recovered 2021 references, the majority of which (1184) were to the use of 'frogs', i.e. all Rana species, the most frequently cited species being R. pipiens closely followed by R. temporaria. 'Toads' accounted for 463 references, 'salamanders' (all Caudata) for 245 and in 129 references the amphibia used were not identified. There is good agreement between these results on the relative proportions of each species used and Table 1 .
An attempt was made to classify the areas of research in which amphibia are used by counting the number of citations for each group of amphibia in each area. It is important to emphasize that these numbers of references need not reflect the numbers of animals used. However, it was found that the most common uses of amphibia are: physiology (633 references), anatomy including cytology and morphology (217), pharmacology (217), developmental biology (169) and biochemistry (167). The largest group of references (486) was to the use of frogs in physiology and of these 122 were to the function of skeletal muscle and 66 to the senses (taste, smell, hearing and vision), of which 40 concerned vision.
Larvae, embryos and eggs Very large numbers of larvae, embryos and eggs were also recorded in the survey (Table 4) , the majority of which were of X. laevis. In some cases no numbers were given so that the number actually used must be greater than shown here. In terms of 'individuals' this group was the largest recorded. Total ·In somecases of use no numbersweregiven,so that usagewillbe greaterthan shownhere.
Supply and stock holding
difficulties in obtaining amphibia. Some problems were due to a particular species not being available (noted 9 times), amphibia not being immediately available from the supplier (6), amphibia not of the required size (5) and loss of local collecting sites (2). The most frequent complaint, mentioned 19 times, was a shortage of R. temporaria in the winter months when supplies from the wild are unavailable and suppliers can only provide animals collected earlier in the year. Stocks of amphibia were maintained by 80% of respondents, with a wide variation in the time for which the animals were held, from weeks to years (when they were used as breeding stock). 62% of respondents held amphibia for no longer than 6 months, and about half of this group, 32% of the total, was made up of those who held stocks for periods of less than a month. In contrast, 2 respondents had maintained adult X. laevis for more than 5 years, in one case over 12 years to provide eggs and embryos for research purposes.
Purpose-bred versus wild-caught amphibia
Increasing difficulties in obtaining supplies of amphibia in North America have led to renewed interest in their culture, and serious efforts are now being made towards the production of significant numbers of 'purpose-bred' amphibia for research (NAS, 1974) . In this country, small numbers of X. laevis and A. mexicanum which have been laboratory bred are available from commercial sources, and one supplier is exploring the possibility of breeding other species.
It was encouraging to see that a large proportion of respondents (85%) were willing to use laboratory-bred amphibia, although 43% were prepared to do so only if certain conditions were met. Of particular concern was the probable difference in price between laboratory-bred and wild-caught amphibia, and 50% of these respondents were prepared to use laboratorybred amphibia only if the cost was comparable. Some respondents (16% of the group) also mentioned that although they would welcome the use of purpose-bred amphibia, these would not be suitable for purposes such as parasitology and behavioural studies. 19% of the group were ready to use laboratory-bred amphibia if the numbers, species and size available were suitable, and the remaining 15% made other comments too diverse for simple classification.
49% of the respondents were prepared to consider the use of alternative amphibian species. Respondents were also asked if they had encountered any other causes of mortality in amphibia. 53% gave a positive reply to this question: difficulties associated with husbandry-the reluctance of captive amphibia to feed (29%), escapes (15%), failure of water temperature control (10%); problems associated with supply-animals arriving dead (22%) or in poor condition (12%); and a small number (5%) of deaths resulting from experimental procedures.
It was not surprising to find that a large number of respondents had experienced problems with 'red leg' as this disease is a major cause of mortality in frogs both in the wild and under laboratory conditions (Gibbs, Nace & Emmons, 1971). The organisms responsible for the disease are ubiquitous in the aquatic environment and stress has long been considered a predisposing factor in the production of the disease (Glorioso, Amborski, Amborski & Culley, 1974). Thus the high incidence of 'red leg' is not unexpected in view of the poor physical condition in which many amphibia arrive at the laboratory and their subsequent failure to feed, especially as Gibbs et al. (1971) have suggested the disease is 'one of debilitation'.
A reduction in the number of animals used in research can be achieved by sharing tissues or organs from one animal among several workers, and in view of the concern that has been expressed about the depletion of wild populations of amphibia it seemed relevant to ask respondents if their work involved the use of tissues or organs rather than intact animals, and if they would be prepared to purchase these tissues directly if they were available. The majority (68%) of respondents, however, did not require only tissues or organs, and of the 24% who did, just under a third (29%) were prepared to purchase them. 
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